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ABSTRACT

The aim of the study was to evaluate efficacy of DMSA and DMPS in treatment
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of lead toxicity in albino rats. One hundred twenty male albino rats were divided
into four groups (30 each). The first was used as control, the 2™ group was

exposed to lead acetate in drinking water (100 ppm) for 12 weeks, the 3™ group
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was exposed to lead acetate as in 2" group together with DMSA (135 mg/k%
bworally by intubation) and the 4" group was exposed to lead acetate as in 2"

group together with DMPS (200 mumol’kg bw IP). The result revealed that the
RBCs count showed a significant decrease in 2™ group while in 3 and 4™ was
recorded in the last 10™ and 12™ weeks. The mean corpuscular volume (MCV)
showed a significant’ decrease at the 6™ - 12% week in 2%, 3" and 4% groups
haematocrit percent (%) showed significant decrease in 2™ & 4" groups all over
the study and in 6%, 8%, 10% and 12® weeks in 3 group. Haemoglobin level
showed a si%niﬁcant decrease in 2™ and in 8%, 10 and 12% weeks in 4™ and only

at 12% in 3%,

A significant decrease in MCH values was recorded

2™ 3 and 4@

groups. WBCs count showed a significant increase in 2™, 4™ weeks in group 2m
and 3" while decreased at 10% & 12 weeks. In 4" group, a significant decrease
was noticed at 6%, 8%, 10" and 12® weeks. Serum AST and ALT showed a
significant decrease at the 12 week in 2™ and increase at the 2" week in both 3"
and 4" Gamma-GT showed no significant change in 2™ in comparison with
group 1. A significant decrease in 3™ and 4™ was recorded at the 2™, 4*, and 6"
weeks in comparison with 1 & 2", The histopathological examination revealed a
clear variance between group 2", 3 and 4™ Most of the recorded lesions in the
liver, kidney and brain of 2" & 4™ groups at severe or moderate degree were
absent or in a mild form in group 3", In conlusion the two chelating agents
(DMSA & DMPS) used run in nearly similar manner as every one has special
advantages in treatment.

Kew words: Lead - DMSA — DMPS — RBC count — histopatholohy — enzymes.

INTRODUCTION

Lead is ubiquitous in the environment, and it
is used in a large variety of products. Sources of
exposure for animals include lead weights (e.g.,
fishing sinkers, curtain weights), lead- based paints,
lead solders, wire shielding, old metal tubes,
automotive batteries, leaded gasolines or oils,
pumbing caulks, old leaded pipes, linoleum, lead-
containing toys, computer equipment, roofing felt,
window putty, improperly glazed pottery, lead
arsenate pesticides, lead shot for guns, wine cork
covers, and contamination of pastures near smelters
(Sullivan and Kriger, 1992). Livestock may find lead
in rubbish dumps and around farm buildings and
machinery. Lead shot may be a source of poisoning
of domestic poultry and wild birds. It is most often
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seen in water fowl, such as ducks and geese, which
swallow lead shot and fisherman’s sinkers from the
bottom of lakes and ponds (Siddiqui and Gayatri,
2008).

Lead has multiple effects on biochemical
mechanisms within the body, including binding of
cellular and enzymatic sulfhydryl groups,
competition with calcium ions, inhibition of
membrane-associated enzymes, and alteration of
vitamin D metabolism. Lead binds sulfhydryl groups,
resulting in inactivation of enzymes involved in
heme synthesis, such as §-Aminolevulinic Acid
Dehydratase (ALAD) and ferrochelatase, and causing
red blood cell abnormalities (Abadin and Llados,
1999). Lead causes anemia when it combines with
red blood cells and bone marrow. It damages the



small blood vessels, causing bleeding: and deprives
the nerves, the brain and other organs of oxygen.
Lead severely damages the kidney and liver. It also
causes sterility, fetal death and abortion. All animals
with access to a source of lead are at risk. When one
or two animals in a herd die or show signs of
poisoning, other animals in the herd may also be
suffering from lead poisoning. These animals may

appear healthy, but be growing poorly as a result of

subclinical lead poisoning (Siddiqui and Gayatri,
2008).

In animals, lead induces heme oxygenase, an
enzyme involved in catabolism of heme which
could exacerbate deficiency of heme. Inhibition of
heme synthesis by lead has implications on many
other processes in the body as heme is an integral
part of myoglobin, catalase, mitochondrial and
microsomal cytochromes, tyrosine hydroxylase,
nitric oxide synthase etc., hence heme related
functions such as mitochondrial respiration, and
microsomal drug metabolism and neurotransmitter
synthesis may also get compromised due to lead
toxicity (Anjana, 2009).

Chelation is a chemical process in which specific
chemical antidote reacts with metal protein
complex, combined with the metal and leaves the
protein free. Most of chelators contain two thiol
groups; therefore, they attract metal to combine with
them. The combined metal chalet's forms stable
complex and mostly excreted through urine
(Osweiler, 1996).

DMPS (2,3-dimercapto-1-propanesulfonic acid) is a
chemical analog of BAL, has greater water solubility
than BAL, limited lipid solubility and is effective
when given orally. In addition, this chelator is less
toxic than BAL and consequently can be
administered in high doses (Aposhian and Aposhian,
1990, Anderson, 1991). Sodium dimercaptopropane
sulfonate (Na-DMPS) was able to chelate heavy
metals and metalloids (Chen and Lu, 2004).

DMSA (dimercapto succinic acid) has been licensed
as a drug by the U.S. Food and Drug Administration
(FAD) specially for freatment of lead poisoning in
children whose blood levels are>45g/dl, and it has
been used in Europe (O'Connor and Rich, 1999).

The study aims to evaluate the efficacy of DMPS (2-
3-Dimercapto-1-Propane Sulfonic acid) and DMSA
(Meso-2,3-Dimercapto Succinic acid) as a chelating
agents in case of long-term exposure to lead.

MATERIALS and METHODS
Materials:-
1- Chemicals: DMPS (2,3-Dimercapto-1-

propanesulfonic acid sodinm salt), monohydrate
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(DMPS) , Purity: 95% C3H;0;S;Na and DMSA
(meso-2,3-Dimercapto succinic acid) of 98% purity
C4HgO,S; was obtained from Sigma Chemical Co.,
Germany. Lead acetate [Pb(CH;COO0),.3H;0] with
molecular weight of 379.35 was obtained from B.D.H
laboratories chemicals division Poole, England.

2- Animals: One hundred and twenty male albino
rats weighting 100-150 g (10-12 weeks old) were
used. The rats were acclimatized to laboratory
condition two weeks before the experiment. Food and
water were available add libitum, suitable
temperature and lighting cycle of 12 hours
(light/dark) were in consideration.

3- Experimental Design: The rats were divided into
four groups (30 each). The 1* group was used as
control, the 2™ group exposed to lead acetate in
drinking water (100 ppm) for 12 weeks, the 3™ group
exposed to lead acetate as in 2™ group together with
DMSA (135 mg/kg bworally by intubation) and 4%
group was exposed to lead acetate as in 2™ group
together with DMPS (200 mumolkg bw IP).

4- Sampling: Blood samples (with EDTA as
anticoagulant for estimation of hematological
parameters and without anticoagulant to obtain serum
for estimation of biochemical parameters) and tissue
samples (liver, Kidney and brain samples for
histopathological examination) were taken from five
rats from each group at 2, 4, 6, 8, 10 and 12 weeks.

Methods:

1- Hematological parameters were done using Vet
hematology analyzer (Medonic CA620 Vet, Boule
Medical AB, Stockholm, Sweden).

2- Biochemical parameters: Serum aspartate
aminotransferase (AST) and alanine aminotransferase
(ALT) activities were estimated as described by Henery
(1960) by wusing commercial kits (Diamond
Diagnostics. Hannover, Germany). Gamma- GT (y-GT)
was measured spectrophotometrically according to
Tietz, (1994) by using commercial kit (Chema
Diagnostica, Italy).

3- Histopathological examination: Specimens were
obtained from each animal and fixed in 10% neutral
buffer formaline. Sections of 5 um thicknesses were
microtomed and stained with H&E (X40), and
microscopically examined (Robinson, 1977).

4- Statistical analysis of data was conducted using
SAS statistical package (1990).

RESULTS

-Hematologlcal parameters: RBCs count showed a
significant | in the 2™ all over the whole period of the
experiment. In group 3 and 4 the | was recorded in
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the 10" and 12® weeks. No significant change in
RBCs count was observed at the 2, 4, 6 and 8™ weeks
of exposure in comparison with control group (tab.
1). The only significant difference between group 3
and group 4 was at the 4™ week in which RBCs count
was within the normal value. Mean corpuscular
volume (MCV) showed significant | starting from the
6™ week till the end of the experiment in groups 2, 3
and 4 (tab. 2). Haematocrit percent was significantly
| in groups 2, 4 all over the whole period of the
experiment and in the 6%, 8%, 10* and 12® weeks in
case of group 3. At 2™ & 4™ weeks group 3 showed a
significant 1 when compared with 4% group. The
result of the 3™ group was within the limit of 1
group at 6™ 8% 10" and 12" weeks (tab. 3). A
significant | of hemoglobin was recorded during the
whole period of the experiment in 2™ group and in

8%, 10™ and 12 weeks in 4" group and only at the
week 12% in 3™ group (tab. 4). A significant | in
MCH values was recorded in groups 2, 3 and 4 at
studied periods except at 2™ week where no
significant change in groups 3, 4 (tab. 5).

WBCs count showed significant 1 in 2™, 4™ weeks in
groups 2 and 3 and significant | at 10 & 12" weeks.
In the 4" group, a significant | was noticed at 6 8%,
10" and 12" weeks (tab. 6). Lymphocyte count
showed significant | in 2 & 3 groups at 10% & 12%
weeks but in group 4 it was recorded at the 12 week
(tab.7). The results of §ranulocyte count significantly
| at the first period (2" week) in all groups (2, 3 and
4) and at 8", 10™ and 12 weeks in group 2 (tab. 8).
Monocyte count significantly | in groups 2, 3, 4 at
8% 10™ and 12" weeks (tab. 9).

Table 1: Efficacy of DMSA and DMPS treatment on RBCs count (million/mm®).

Post-exposure time (weeks)

Rats groups
. 2 4 6 8 10 12
1 7.60+0.31 6.58+0.37 6.69+0.24 6.80+0.30 7.01£0.41 6.8V+0.43
2 5.87+0.25*  5.73+0.51*  5.58+0.49*  5.02+0.28*  4.90+0.32*  5.1340.32*
3 6.89+0.29 7.18+0.25" 6.39+0.38 6.09+0.33" 5.65+0.34*  5.29+0.39*
4 6.7340.52 5.83+0.18" 5.72+0.40 5.59+0.30 5.42£0.43*  5.03%0.32*

*: means significant at p < 0.05 to 0.01 in comparison with the 1*! group.
a: means significant difference between the 2™ group and both 3™ & 4" groups.

b: means significant difference between group 3 and 4.

Table 2: Efficacy of DMSA and DMPS treatment on MCV.

Post-exposure time (weeks)

Rats
Groups 2 4 6 8 10 12
1 545514 56.7+1.1 55.321.6 56.31.3 548414  56.8+2.3
2 538412 521309  482+0.9*  48.5:0.8*  4531.6*  44.3%3.6*
3 603424  52.142.9 49.2+1.5%  473209%  502+1.1  41.8+1.3*
4 56214 54.7+0.8 50.8+1.0*  47.240.8*  49.642.4%  43.5%15°

*: means significant at p < 0.05 t0 0.01 in comparison with the 1* group.
a: means significant difference between the 2™ group and both 3 & 4" groups.
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Table 3: Efficacy of DMSA and DMPS treatment on HCT (%).

Assiut Vet. Med. J. Vol. 60 No. 142 July 2014

Rats Post-exposure time (weeks)
Groups 2 4 6 8 10 12
1 44.4+1.6 42.4+1.6 43.7+1.8 43.3+1.2 43.6x1.9 43.8%1.5
2 34.942.5% 36.0+0.7* 34.340.5% 31.7+£0.9* 32.5+0.6* 34.0+0.7*
3 41.1x09" 41.9£1.99" 36.3x0.9*  35.3x0.6** 35.4+1.7* 37.740.5%*
4 384404*°  37.1x12*°  353224*  36.1309*  33.0:0.6*  36.3:0.9*
*: means significant at p <0.05 to 0.01 in comparison with thé 1* group.
a: means significant difference between the 2™ group and both 3 & 4% groups.
b: means significant difference between group 3 and 4.
Table 4: Efficacy of DMSA and DMPS treatment on Hb (g/dl).
Post-exposure time (weeks)
Rats groups 2 4 6 8 10 12
1 14.1+0.2 14.4+1.1 12.6+1.2 14.0+1.1 14.5+0.3 13.9+0.7
2 11.3+0,7* 11.9+0.4* 10.9+0.3* 10.920.5* 10.840.5* 10.840.2*
3 12, 8+0.3 13.5£0.3 13.5+0.2" 12.840.2* 13.9+0.3" 11.5+0.1*
4 12.5+0.8 12.9£0.3 12.040.5  11.920.4*  11.2+0.5**  9.8+1.0%
*: means significant at p < 0.05 to 0.01 in comparison with the 1* group.,
a: means significant difference between the 2™ group and both 3" & 4" groups.
b: means significant difference between group 3 and 4.
Table 5: Efficacy of DMSA and DMPS treatment on MCH (pg).
Post-exposure time (weeks)
Rats groups 2 4 6 8 10 12
1 20.1+0.3 20.9+0.5 20.5+0.2 20.6+0.7 21.2+0.5 20.9+0.5
2 18.6+0.3* 18.3+0.3* 16. 8+0.3*  16.7+0.4* 16.1+0.5* 15.940.4*
3 20.5+0.2% 17.9+0.5* 16. 8£0.2*  17.2+0.4* 17. 8+0.4** 17.34+0.4%*
4 20.6+0.2° 19.4£0,3*" 17.240.3*  17.3+0.3* 17.940.3%* 17.74£0.3%*
*: means significant at p < 0.05 to 0.01 in comparison with the 1¥ group.
a: means significant difference between the 2™ group and both 3 & 4™ groups.
b: means significant difference between group 3 and 4.
Table 6: Efficacy of DMSA and DMPS treatment on WBCs count (10°/mm’).
Post-exposure time (weeks)
Rats groups 2 4 6 8 10 12
1 11.4+0.4 12.1£0.6 12.2+0.8 12.2+0.5 - 11.8+0.5 12.6+0.6
2 14.8+£1.18* 15.48+1.3% 12.6+0.6 8.9+0.8* 6.6:0.7* 6.8+0.6*
3 13.4%1.1% 16.3+1.2* 14.1£1.0 13.3+1.3" 7.1+0.6* 7.6+0.9*
4 10.4+1.2° 13.0+0.7° 9.0+0.7** 8.6+0.6*" 8.6+0.5** 7.8+0.5%

*: means significant at p < 0.05 to 0.01 in comparison with the 1* group.
a: means significant difference between the 2™ group and both 3 & 4™ groups.
b: means significant difference between group 3 and 4.
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Table 7: Efficacy of DMSA and DMPS treatment on Lymphocyte count (10°/mm?®).

Post-exposure time (weeks)

Rats groups 2 4 6 8 10 12
| 08.1+£0.7 8.3£0.9 8.1+£0.4 7.340.7 8.2+0.9 8.2+0.9
2 11.440.8* 10.2+1.1 8.4+0.4 5.8+0.4 5.9+0.8* 5.5+0.3*
3 09.0+0.5 8.40+0.8 8.5+0.8 6.50+0.7 5.0+£0.60* 5.6+£0.31*
4 09.2+1.4 10.3+0.8 8.0+0.8 6.9+0.7 6.920.3 5.2+1.18*
*: means significant at p < 0.05 to 0.01 in comparison with the 1% group.
Table 8: Efficacy of DMSA and DMPS treatment on Granulocyte count (10°/mm?).
Rats groups Post-exposure time (weeks)
2 4 6 8 10 12
1 3.6£0.6 2.7+0.4 2.7+0.3 3.0+0.3 3.2+0.4 3.0£0.4
2 2.340.33* 1.9+0.3 1.840.3 1.9+0.2* 1.7+0.2* 1.7+£0.3*
3 2.2+0.4* 2.3£0.2 2.1£0.6 3.540.3° 1.9+0.3* 2.8+0.4"
4 1.8+0.3* 1.9+0.3 1.6+0.2* 2.0£0.3*° 2.8+0.2° 2.240.2
*: means significant at p < 0.05 to 0.01 in comparison with the 1* group.
a: means significant difference between the 2™ group and both 3™ & 4™ groups.
b: means significant difference between group 3 and 4.
Table 9: Efficacy of DMSA and DMPS treatment on Monocyte count (10°/mm?®).
Post-exposure time (weeks)
Rats groups
2 4 6 8 10 12
1 1.080 + 1.160 + 1.080 = 1.160 + 1.200 + 3.060 +
0.097 0.157 ~0.166 0.199 0.210 1.664
2 1.100 1.080 + 0.700 + 0.640 + 0.560 = 0.540 +
0.130 0.136 0.045 0.040* 0.051* 0.024*
3 1.300 £ 1.200 + 1.120 £+ 0.600 + 0.720 1.000 +
0.202 0.063 0.235 0.122%* 0.086* 0.032
4 0.880 + 1.040 + 0.660 + 0.600 + 0.640 = 0.860
0.058b 0.172° 0.040° 0.089* 0.075* 0.129
*: means significant at p < 0.05 to 0.01 in comparison with the 1™ dgroup.
a: means significant difference between the 2" group and both 3¢ & 4™ groups.

b: means significant difference between group 3 and 4.

2-Enzymes activities: The results of enzymes activities was significantly decreased in serum AST at the 12%
week in the 2™ group and significant increase at the 2" week in both groups 3, 4 in relation to the 2 group (tab.
10). The same result was obtained in serum ALT as significant decrease in group 2 at 10" & 12% weeks and
significant increase in groups 3, 4 at the 2™ & 4™ weeks in relation to the group 2 (tab. 11). Gamma-GT values
showed no significant change in group 2 in comparison with the control group. On the other hand a significant
decrease in group 3, 4 was recorded at the 2™ 4™ and 6™ weeks in comparison with both groups 1, 2 (tab. 12).
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Table 10: Efficacy of DMSA and DMPS treatment on AST in serum (1U/1).

Post-exposure time (weeks)

Rats groups 2 4 6 8 10 12
24.79+ 31.92+ 3091+ 28.71+ 28.35+ 33.57+
1 2.670 1.549 4.244 3.263 3.656 2.775
29.04+ 29.25+ 32.58+ 28.24+ 24.67+ 19.74+
2 2.679 3.124 1.612 5.431 4.002 4.222*
38.71 3021+ 28.92+ 29.10+ 33.93+ 31.26+
3 0.445%* 3.040° 5.324 1.604 0.586 1.591*
37.23+ 29.29+ 23.13+ 23.63+ 25.17+ 2691+
4 1.014** 2.666 3.157 0.697 3.242 3.586

*: means significant at p <0.05 to 0.01 in comparison with the 1* group.
a: means significant difference between the 2™ group and both 3" & 4™ groups.
b: means significant difference between group 3 and 4.

Table 11: Efficacy of DMSA and DMPS treatment on ALT in serum (1U/1).

Post-exposure time (weeks)

Rats groups 2 4 6 8 10 12
36.80+ 30.06x 30.72+ 32.90+ 2947+ 34.62+
1 3918 3.226 1916 3.246 1.891 0.937
26.09+ 22,99+ 29.10+ 26.24+ 23.62+ 21.36%
2 3.523 3.967 2.306 0.733 1.104* 1.797*
32.59+ 29.01£ 30.26+ 31.19+ 27.36x 29.94+
3 1.332%* 3.115° 2.198 4.388 2.295 3.184"
30.72+ 29.98+ 26.52+ 26.78+ 25.89+ 30.72+
4 2.331% 2.595% 3.154 0.365 1.583 1.580"

*: means significant at p < 0.05 to 0.01 in comparison with the 1¥ group.
a: means significant difference between the 2" group and both 3™ & 4™ groups.
b: means significant difference between group 3 and 4.

Table 12: Efficacy of DMSA and DMPS treatment on y-GT in serum(1U/1).

Rats Post-exposure time (weeks)
groups 2 4 ' 6 8 10 12
0.837+ 0.851% 0.788+ 0.647+ 0.827+
1 0.061 0.131 0.873+ 0.043 0.096 0.116 0.140
1.263+ 0.840+ 0.763+ 0.877+ 0.867+
2 0.281* 0.158 0.977+ 0.130 0.035 0.162 0.034
0.610+ 0.527+ 0.617+ 0.567=+ 0.710£ 0.760+
3 0.082** 0.073** 0.063** 0.096 0.015 0.012
0.557+ 0.580+ 0.463+ 0.460=+ 0.873% 0.853+
4 0.024** 0.074** 0.034** 0.021** - 0.061 0.018

*: means significant at p < 0.05 to 0.01 in comparison with the. 1¥ group.
a: means significant difference between the 2™ group and both 3 & 4™ groups.

4-Clinical signs and histopathological changes:

Observation of investigated rats in groups 2, 3 and 4 revealed no apparent clinical signs. Macromorphological
lesions recorded in all groups were only congestion of examined organs at different degree of severity. The
microscopical examination of tissues was summarized in figures (1-18).
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DISCUSSION

Lead has been the most causes of inorganic
chemical poisoning in farm animals. For
controlling such hazardous effects, the essential
duty of toxicologist is the choice of an effective
and non toxic treatment. The use of large
number of chelating agents in treatment of lead
toxicity initiated us to evaluate two of the most
important chelators DMSA and DMPS.

The hematological picture in this study revealed
that RBCs count was significantly decreased in
group 2 all over the period of the experiment. In
groups 3 and 4 the decrease was recorded in the
10" and 12 weeks. At the 2, 4, 6 and 8™ weeks
of exposure no significant decrease in RBCs
count was observed in comparison to the control
group. The only significant difference between
group 3 and group 4 was at the 4™ week. The
mean corpuscular volume (MCV) showed a
significant decrease starting from the 6™ week
till the 12® week in all the 2, 3 and 4 groups.
Hematocrit percent (%) showed significant
decrease in 2 & 4 groups all over the period of
the experiment and in the 6™ week till the end of
the experiment in group 3. At 2 & 4 weeks a
significant increase when compared with group
4. The result of group 3 was within the limit of
group 1 (control) at 6™, 8™ 10™ and 12* weeks.
Hemoglobin concentration showed significant
decrease during the whole period of the
experiment in group 2 and from the 8" to the 12
week in group 4 and at the last week (12") only
in group 3. A significant decrease in MCH
values was recorded in 2, 3 and 4 groups at all
periods except the 2™ week which showed no
significant decrease in both 3 & 4 group.
Similarly, significant decrease in Hb, PCV,
MCH, MCV and MCHC were observed
following exposure of rats to lead acetate
(Helmy et al., 2000). Reduction in RBCs, PCV,
Hb, MCV, MCH and MCHC was also observed
by Klassen (2001) following exposure of lead
acetate in rats that showed microcytic
hypochromic anemia. This hematological
alteration might be due to the effect of lead on
activity of delta-aminolevulinic acid dehydratase
(ALAD), key enzyme of heme synthesis.
Moreover lead also inhibit the conversion of
coproporphyrinogen III to protoporphyrin IX
leading to reduction in hemoglobin production
and shortened life span of erythrocytes. Lead
suppresses bone marrow  hematopoiesis,

168

probably through its interaction with the enteric
iron absorption (Chmielnika ez al., 1994).

Our obtained results in this study was supported
by Potula and Hu (1998) who mentioned that
lead is a well known to inhibit the biosynthesis
of heme and consequently of hemoglobin and to
decrease the life span of circulationg red blood
cells. Lead causes anemia when it combines
with red blood cells and bone marrow. It
damages the small blood vessels, causing
bleeding¢ and deprives the nerves, the brain and
other organs of oxygen. Lead severely damages
the kidney and liver. It also causes sterility, fetal
death and abortion. All animals with access to a
source of lead are at risk. When one or two
animals in a herd die or show signs of
poisoning, other animals in the herd may also be
suffering from lead poisoning. These animals
may appear healthy, but be growing poorly as a
result of subclinical lead poisoning (Siddiqui
and Gayatri, 2008).

Anemia is a  serious  haematological
manifestation of lead toxicity. Lead can induce
two types of anemias, often accompanied by
basophilic stippling of the erythrocytes (Holmes
et al., 2008). Acute high-level lead exposure has
been associated with hemolytic anemia. Frank
anemia is manifested only when the blood lead
level is significantly elevated for prolonged
periods. In chronic lead exposure, Pb induces
anemia by both interfering with heme
biosynthesis and by diminishing red blood cell
survival. Hemogolbin levels begin to decline at
lead levels of 40-60 pg/dl and prevalence of
anemia increases with increase in blood lead
level. However, the correlation between blood
lead levels and hemoglobin levels are low (EPA,
2009). Investigation of triethyl lead on some
hematological indices has revealed a significant
decrease in the MCH, MCV and RBCs count.
Lead inhibits the body's ability to make
hemoglobin by interfering with several
enzymatic steps in the heme pathway.
Specifically, lead decreases heme biosynthesis
by inhibiting ALA-D and ferrochelatase activity
(EPA, 2009). )

" The anemia in lead-exposed individuals is of the

hypochromic and normocytic (also) microcytic
type and is accompanied by reticulocytosis with
basophilic stippling. The shortened life span of
erythrocytes is due to increased fragility of the
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blood cell membrane and reduced hemoglobin
production is due to decreased levels of enzymes
involved in heme synthesis (Guidotti et al,
2008).

High doses of lead in female rabbits induced
mild anemia, reduced MCH, MCV and MCHC,
low ALA-D and developed stippled RBCs
(Falke and Zwennis, 1990). The hematological
parameters were observed in adult rats following
chronic lead intoxication in a 12 week period by
Mughai et al. (2003). They found that MCH and
MCV were decreased by 5.6% and 4.4%,
leukocytic count increased significantly by 11%.
Study of the different kinds of leukocytes
revealed a 5.3% increase of lymphocyte count,
neutrophils and monocytes increased by 21.2%
and 70.2% respectively. A decrease of 69% was
observed in the eosinophil count in the test
group, which suggests eosinophilia following
lead intoxication in rats. The previously recoded
results were recoded in our study on rats.

WBCs count showed significant increase in the
2™ and 4™ weeks in group 2 and 3 but it was
significantly decreased at 10™ & 12% weeks. In
group 4, The significant decrease was noticed
from the 6" week till the end of the experiment.
Lymphocyte, granulocyte and monocytes
showed the same change as WBCs count where
they significantly decreased at the end of
exposure, although this change appeared at the
first period (2™ week) in case of granulocytes.
Decrease in total leucoctic count is directly
related with either their decreased production
from the germinal center of lymphoid organs or
increased lysis due to presence of lead in the
body (Avdheshkumar et al, 1998). Leukocyte
counts in rats, which were administrated lead
acetate, increased significantly by 11%,
compared to the control groups (p<0.05), which
indicate leukocytosis (Mugahi et al., 2003). This
might be due to direct toxic action of lead on
leucopoiesis in lymphoid organs.

AST activity was significantly decreased at the
12" week in group 2 although it was
significantly increased at the 2™ week in both 3
& 4 groups in relation to the group 2. The same
behaviour was noticed in ALT activity. The
gamma-GT values showed no significant change
in group 2 in comparison with the control group.
On the other hand, significant decrease in group
3 & 4 was recorded at the 2™, 4, and 6™ weeks
in comparison with both groups 1, 2. AST and
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ALT which activities resulted from the escape of
the enzymes to the serum from the injured liver
cells. These two enzymes are members of
transaminases groups of enzymes, which have a
catalytic function. The determination of serum
amino transaminases was considered as well as
established methods for diagnosis of tissue
necrosis and alteration of cellular permeability
(Hochleithner, 1991). The obtained results of
AST and ALT increased levels at the 2™ week
may be explained by Lumiej (1987) who
mentioned that plasma transaminases activities
remained elevated through a period of one week
in case of non progressive necrosis.

The mild high levels in transferases in groups 3,
4 may be explained by Haddad ez al. (1998) who
stated that hematologic alterations are more
commonly encountered in subchronic or chronic
toxicity, serum chemistry alterations particularly
elevation in serum kidney parameters, may be
seen in acute cases or during chelation therapy.

Suradkar et al. (2009) reported that increased
AST and ALT might be due to increased cell
membrane permeability or cell membrane
damage of hepatocytes caused by lead acetate.
These findings are in accordance with Shalan
et al. (2005). Increase in GGT is an indication of
hepatotoxicity and oxidative damage in the
hepatocytes (Tatjana et al., 2003). Abdel Aal and
Hussein (2008) who found in the treatment with
DMSA or ALA, they improved the increased
hepatic enzyme levels and this improvement was
highly significant when ALA and DMSA were
given in combination. This coincide with Shalan
et al. (2005) who mentioned that administration
of lead acetate in diet for 6 weeks resulted in
elevations of serum GPT, GOT, and ALP, as
recorded in this study in the 2™ week in groups
3&4.

The effect of lead toxicity on liver functions
which includes AST, ALT and alkaline
phosphatase in treatment periods of 1-3 months
were estimated by Moussa and Bashandy (2008).
They recorded a significant increase in ALT and
AST. These changes were time dependent. These
results were similar to that recorded in our study.

DMSA is suggested as a chelation therapy for
dogs in lead or zinc toxicosis because it's less
toxic than calcium disodium EDTA and can be
given orally. The given dose is 10 mg/kg bw
orally/every 8 hours for 10 days (Peterson and
Talcott, 2001).
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The absence of apparent clinical signs on
exposed rats in groups 2, 3 and 4 is in
agreement with Kirk (1986), who stated that
chronic lead poisoning in dogs and cats is
sometimes overlooked, because the signs can be
insidious in onset and subtle in nature mimicking
a variety of other ailments. The recorded lesions
in liver, kidney and brain are inconsistence with
that mentioned by Beasley (1999) as in chronic
toxicosis it is possible to see fibrosis. Do not rule
out lead toxicosis because of the absence of renal
lesions. Degeneration and necrosis are
sometimes prominent, acid-fast intranuclear
inclusions may occur in the renal tubular
epithelial cells. It can cause a degree of renal
failure, although this is not usually a primary
finding. Edema, swelling, increased prominence
of vessels in the brain, capillary damage in the
CNS and collapses of small arterioles had been
recorded.

CONCLUSION

Concerning the aim of the present study and
reviewing the obtained results we can conclude
that: (1) DMSA is more effective than DMPS
concerning the results of Red blood cells count,
hemoglobin and monocytes. (2) DMPS is more
effective than DMSA concerning the results of
White blood cells count. (3) Both significantly
increased the levels of AST & ALT than lead
group at 2" and 4™ weeks of exposure. (4) Both
significantly decreased Gamma-gutamyl
transferase (y-GT) in comparison with Lead
group at 2", 4" and 6™ weeks. (5) The results of
histopathological changes revealed a clear
variance between group 3 and 2 & 4 groups.
Most of the recorded lesions in liver, kidney and
brain of groups 2& 4 at severe or moderate
degree were absent or in a mild form in 3"

group.
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